Podospora Heterokaryon Incompatibility
When two fungal colonies grow together the advancing cell processes (hyphae) of the two colonies may fuse (anastomose) to form cells (heterokaryons) with nuclei and cytoplasm from both parent colonies. The two colonies have, in effect, fused to form one interconnecting mat. This hyphal anastomosis or heterokaryon formation is genetically controlled in a different way from the sexual mating that the same two strains may be able to undergo. Whereas sexual mating requires different genotypes at a mating type locus, hyphal anastomosis requires identity at certain other loci, often several loci. In Podospora anserina, these genes are called het (for heterokaryon formation). One such locus, het-s, has alleles het-s and het-S (Table  1) . Strains with the same allele can undergo hyphal anastomosis to form heterokaryons. But when het-s and het-S strains grow together, heterokaryon incompatibility is observed. In this case, the peripheral hyphae of the colonies fuse, but the fused hyphae die, the surrounding hyphae are unpigmented, and the line of dead cells between the two colonies acts as a barrier to the colonies growing together (Fig. 1, refs. 1, 8 , and 9). The het-S͞s locus encodes a protein of 289 amino acid residues, with het-s and het-S alleles differing at 14 residues (10, 11) . Remarkably, a single amino acid difference between het-s and het-S is sufficient to produce incompatibility (12) .
Sexual mating is probably a mechanism to shuffle the genetic cards, to generate variability. Therefore, mating with an identical strain makes no sense. Heterokaryon incompatibility is believed to be a mechanism to limit the spread of fungal viruses that spread from one colony to another by hyphal anastomosis. Only strains with identical het genes (which presumably already have the same viruses) can form heterokaryons. In filamentous fungi the spread of viruses is limited in sexual mating because germ cell formation often largely excludes the cytoplasm where the viruses are located (9) .
Prions of Yeast Identified by Genetic Properties
[PSI] and [URE3] of yeast were proposed to be prions (13) based on three genetic properties that they share: (i) reversible curability-from strains cured of the genetic element could be isolated rare clones that had again acquired it spontaneously; (ii) overexpression of Sup35p 1). This shows that the prion can pass through meiosis, but that it is restricted to the cytoplasm, almost none of which is included in the tiny male gametes (microconidia).
Surprisingly, crossing male or female het-s [Het-s] (carrying the prion) with het-S results in all genetically het-s segregants being [Het-s*] (lacking the prion). This means that the het-S protein cures the prion. Could the incorporation of the slightly different het-S protein into a het-s [Het-s] ''crystal'' poison crystal growth?
Why, in the incompatibility reaction, does the combination of het-s protein in the prion form and het-S protein lead to death of the fused hyphae? Why doesn't the het-S protein just poison crystal growth here? We can expect many interesting answers to these questions that may tell us important things about the way cells handle prions and incipient prions. (10, 11) .
Comparison of [Het-s] and Other Putative Prions (
Unlike all the other putative prions, [Het-s], the prion form of the het-s protein, is carrying out a normal fungal cell function. Heterokaryon incompatibility systems are widespread among filamentous fungi and usually are controlled by genetic loci showing none of the characteristics suggestive of prions. Is there an advantage to Podospora in using a prion to signal heterokaryon incompatibility? Because this is a purposeful cell death, and many viruses produce apoptosis in their host cells, could this heterokaryon incompatibility reaction be a form of fungal apoptosis?
The het-s protein has no evident similarity to other putative prion proteins. The prion domains of Ure2p and Sup35p are rich in asparagine and glutamine residues, but this is not true of either PrP or the het-s protein. Sup35p and PrP have similar octapeptide repeats, but these appear to be outside the prion domain of PrP and are not found in Ure2p or the het-s protein.
Whether structural similarities will be found among the normal or prion forms of these proteins remains to be determined.
Conclusions
Have any of the putative prions been proven to be prions? There continues to be disagreement (e.g., refs. 3, 18, and 19), Because of the hyphal anastomosis phenomenon, fungi should be quite susceptible to prions. When two fungal colonies grow together, if one is infected, the other will become so. In fact, the vegetative incompatibility systems may, in part, have evolved to block the spread of prions, as well as of fungal viruses and deleterious mitochondrial plasmids.
There are probably many prions in nature. The four cases described thus far were all described as phenomenon 25 to 250 years ago. With knowledge rapidly accumulating about prions, we can expect many new prions to be found in a more directed way. We also can thank the brilliant geneticists, George Rizet 
